Abstract: TO reduce redundancy in the Protein Data Bank of 3D protein structures, which is caused by many homologous proteins in the data bank, we have selected a representative set of structures. The selection algorithm was designed to (1) select as many nonhomologous structures as possible, and (2) to select structures of good quality. The representative set may reduce time and effort in statistical analyses.
There is considerable redundancy in the Protein Data Bank (PDB) (Bernstein et al., 1977) of 3-dimensional structures. For example, there currently are atomic coordinates for about 77 globins, 61 immunoglobulins, and 9 structures of phage T4 lysozyme, including many engineered mutants. Although the wealth of data bears witness to the progress achieved by protein crystallographers and NMR spectroscopists, an overview of the spectrum of known protein structures and certain statistical analyses of protein structures require nonredundant data. To meet this need, we have developed algorithms to select from PDB (or from sequence databases) representative subsets that aim to minimize redundancy and maximize coverage (Hobohm et al., 1992) . The result, in the form of a list of PDB identifiers, was published about 1; years ago and has been very useful, e.g., in developing better algorithms for secondary structure prediction (Rost & Sander, 1993) . Since then, there has been rapid growth of the number of known protein structures and, in addition, a sudden surge of preliminary data sets released by the PDBfrom about 600 in early 1992, there are now about 2,000 PDB coordinate data sets, a 3-fold increase in 18 months. It was therefore time to update the representative list and, based on experience gained since the original publication, to refine the criteria for selection. The result is an increase from 155 to 301 (95%) in the number of sequence-unique proteins. The current "25%-list" (based on PDB release, December 1993), i.e., a list of protein Reprint requests to: Uwe Hobohm, European Molecular Biology Laboratory, 69012 Heidelberg, Germany; e-mail: hobohm@embl-heidelberg.de. chains with less than 25% sequence identity, was constrained to be downward compatible with the "30% list" published in 1992 (Hobohm et al., 1992) . Some adjustments were a result of the more stringent threshold and new quality criteria, e.g., replacement of a data set by one with identical sequence but higher resolution. Downward compatibility will reduce the number of changes in user applications upon new releases of the list and will be maintained in the future.
The list is provided in Table 1 and on the Diskette Appendix and is also available on the EMBL file transfer (ftp) and e-mail servers.
Quality control of selected data sets
Given a choice between 2 different data sets, from which only 1 can be selected into the list, one would like to use the one of higher quality. For instance, one wishes to avoid the use of data sets based on very preliminary or incomplete data and restrict the selection to proteins that are not small and consist primarily of the standard 20 amino acids. These quality goals are implemented at 3 levels, an initial filter, a "softexclude" flag for marginal data, and a quality index. The quality index Q of a protein chain is calculated as
where r is resolution (A) and R is R-factor (percent). Of 2 chains, the one with higher Q is considered to be of lower quality.
As an initial filter, we eliminate all chains with: (1) 100% sequence identity on the entire length to another chain, but lower quality, (2) more than 5% of nonstandard or unknown amino acids (typically termed "UNK" in the PDB files), (3) a length of less than 30 residues, (4) a resolution worse than 3.5 A, (5) an R-factor of more than 30%, and (6) models not based directly on X-ray or NMR data, e.g., models built by homology. The values for cutoffs were chosen by experience and can be changed to meet special requirements.
Second, some chains are flagged for preferred exclusion in the subsequent selection procedure ("softexclude flag"). Such chains remain in the list only if no homologous chain exists. These are chains for which (1) the number of residues with sidechain CO- 
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a No pair of protein chains in the list has more than 25% identical residues after sequence alignment, using a standard Smith and Waterman (1981) alignment algorithm with gap open penalty 3.0 and gap elongation penalty 0.05. The Diskette Appendix contains this listing, along with additional data about the proteins (e.g., number of residues, crystallographic resolution, crystallographic R-factor).
ordinates is less than 90% of the sequence length (e.g., backboneonly structures); (2) the number of residues with backbone coordinates is less than 90% of the sequence length (e.g., C-a-only structures); (3) the number of alanine plus glycine residues is higher than 40% of the sequence length, e.g., structures with unknown sequence modeled as polyalanine; and (4) no data for resolution or R-factor are available.
Selection procedure
The new representative list of PDB chain identifiers was produced using "algorithm 2" of Hobohm et al. (1992) . This algorithm removes redundant protein chains 1 by 1, following a strategy called "greedy" by computer scientists: the chain with the largest number of neighbors is removed, until no neighbors are left. Neighbors are here defined as pairs of chains with a sequence identity above 25% (or for alignments shorter than 80 residues, with a sequence identity above the significance threshold derived by Sander & Schneider [1991] ).
During the run of the selection procedure an ambiguity left by the algorithm may occur when more than 1 protein has the same number of neighbors. At this stage, quality control and downward compatibility are achieved by preferably removing the data set of lower quality and by preferably keeping chains that have been in a previous list.
To select from a group of chains with the same number of neighbors ("exclusion candidates"), a hierarchy of selection criteria was applied: (1) First, remove a chain with a "softexclude" flag. If there is no such chain, (2) remove the chain with lowest quality. If there is more than 1 chain with the lowest quality, (3) remove a chain that has no "softinclude" flag (chains from a previous list are flagged with a "softinclude" flag). If there is more than 1 chain left, (4) remove a chain with high PDBidentifier (i.e., prefer 6TIM over 2TIM). If there is more than 1 chain left, (5) remove a chain with alphabetically higher chain identifier (Le., prefer 3HLA-A over 3HLA-B).
For special requirements it may be necessary to have chains of individual choice in the list. To meet such a requirement, a subset of chains can be flagged with a "hardinclude" flag. These chains are not removed during the selection procedure, and relations between "hardincluded" chains are not considered. The resulting list will contain all ''hardinclude''-flagged chains and as many other chains as possible that do not violate the sequence identity criterion. Special purpose lists can be obtained on request from the authors.
List of homologous chains
For each chain in the "25%-list," we list sequence-related chains at the bottom of the data file (on the Diskette Appendix and on the EMBL file server), Le., those chains that belong to the same structural family as determined by the HSSP significance threshold (Sander & Schneider, 1991) . Because the 25% threshold is on the conservative side, these families may include some false positives, i.e., families with a sequence identity between 25-30% may or may not have the same structure.
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Lists at stringency levels from 25% to 90%
A representative selection of proteins in which no 2 proteins have more than 25% sequence identity may be unnecessarily stringent for some purposes. One may want to allow some redundancy of information, e.g., up to 50% identical residues in any pair (Kabsch & Sander, 1983) . We have therefore used the same algorithm at gradually decreasing levels of stringency, i.e., allowing pairs with 30%, 35%, 40%, and so on up to 90010 identical residues. The lists are incremental: a list with a less stringent similarity threshold includes all proteins in any of the lists with more stringent thresholds. This was done so that a user of the selection can reuse calculations done at a more stringent level (smaller selection) when going to a lower level of stringency (larger selection).
The resulting selection is substantially larger than 1 years ago: whereas in early 1992 the "30%-list" had 155 proteins (of 600), the new "30%-list" contains 338 proteins (of about 2,000). The new "25%-list" contains 301 protein chains. The redundancy of information in the PDB, as measured by the relative size of the selection, has increased from 4 to 1 to about 7 to 1.
In other words, the number of representative structures increases considerably more slowly than the overall number of known structures. Because the representative list is now about a factor of 7 smaller than the entire database, counted as the number of chains, much time and effort may be saved in restricting analyses or statistical evaluations to the representative list, for instance in analyses of protein architecture or the development of prediction methods
How to get the list
The representative "25%-list," lists with decreasing levels of stringency (30%, 35%, 40% . . . up to 9OOro), and the chains homologous to chains in the "25%-list" were stored in 1 data file ("pdb~select.dec~1993") and can be read from the Diskette
